Abstract: Ecosystem services (ES) are defined as the interdependencies between society and nature. Despite several years of conceptual discussions, some challenges of the ES concept are far from being resolved. In particular, the usefulness of the concept for nature protection is questioned, and a strong critique is expressed concerning its contribution towards the neoliberal commodification of nature. This paper argues that these challenges can be addressed by dealing more carefully with ES as a boundary concept between different disciplines and between science and society. ES are neither about nature nor about human wellbeing, but about the mutual dependencies between nature and human wellbeing. These mutual interdependencies, however, create tensions and contradictions that manifest themselves in the boundary negotiations between different scientific disciplines and between science and society. This paper shows that approaches from Social Ecology can address these boundary negotiations and the power relations involved more explicitly. Finally, this implies the urgent need for more inter-and transdisciplinary collaboration in ES research. We conclude (1) that the social-ecological nature of ES must be elaborated more carefully while explicitly focussing on the interdependencies between nature and society; (2) to better implement inter-and transdisciplinary methods into ES research; and (3) that such ES research can-and to some extent already does-substantially enhance international research programmes such as Future Earth.
Introduction
The concept of Ecosystem Services (ES) has been created to address the interactions between nature and society. It describes the relevance of ecosystem functions for human wellbeing [1] . Moreover, the concept raises high expectations to inform decision-making on the interrelation and dependencies between societal and natural processes. Its scope is very broad, ranging from agricultural products to climate regulation and cultural services. Thus, it is dedicated to showcase trade-offs across various economic sectors, different fields of human wellbeing (from health and food to aesthetic perceptions) and related policy fields, and to reveal synergies among them while taking ecological limits seriously.
What is not yet adequately addressed is the specific character of the ES concept at the interplay of societal and natural processes (see [2] ). The concept is neither about ecosystems, i.e., on biophysical processes as an object of natural science research, nor is it about the economic value and the goods provided by ecosystems, i.e., on socioeconomic valuations or cultural perceptions, analysed by economics and social sciences. Ecosystem services are about how both processes mutually depend on each other, i.e., about the interdependencies between society and nature. Such mutual interdependencies require a specific inter-and transdisciplinary research, which can be provided by Social Ecology [3] [4] [5] .
The main objective of this article is to further the social-ecological perspective in order to strengthen the ES concept in the context of inter-and transdisciplinary research. In Section 2, we elaborate from a perspective of Social Ecology on what is meant by the notion that the ES concept is inherently social-ecological in nature. From there, we deal with it as a boundary concept between different disciplines and between science and society. An analysis from a social-ecological perspective serves also as a better starting point to explain the expectations of the concept and its application. For this reason, the theoretical underpinnings and practical challenges of ES as a boundary concept are introduced (Section 3). For implementing this social-ecological perspective, interdisciplinary (Section 4) and transdisciplinary (Section 5) collaboration are needed, focussing on the relationship between ES and the colonisation of nature. Finally, we showcase the requirements and implications for an application of the concept in social-ecological research.
The Ecosystem Services Concept from a Perspective of Social Ecology
After several years of research and conceptual discussions, there is still considerable disagreement in ES research and practice. Until now, several gaps of the ES concept have been scrutinised, most of them related to its anthropocentric and economic impetus (e.g., [6] ). Much of the criticism calls for improvements in terminologies [7, 8] and methods [9] . Whether the debate on ES deals with an agreed classification is also scrutinised [10] [11] [12] , and there are calls for a more participatory approach towards ES research that takes issues of social perceptions and co-production seriously, especially concerning cultural services [13] [14] [15] . With respect to valuation, application of the ES concept is often criticised for its bias towards monetary valuation and the commodification of nature [16] [17] [18] .
Starting from Social Ecology, however, offers a slightly different perspective on the concept. It emphasises that the ES concept is neither about ecosystems nor about societal goods and human wellbeing solely, but about the interdependencies between human wellbeing and nature [2, 19, 20] . Some of the challenges addressed in the current debates are related to the question of how to deal with this social-ecological character of ES. For example, research on ES assumes, usually implicitly, that ES are provided by ecosystems as natural processes independent from human influences. This assumption, however, ignores the role of human interventions (labour, technology, and capital) in improving the supply of ES (in particular, agricultural goods, but also forest products and cultural or regulating services) by transforming 'natural ecosystems' into human-modified cultural landscapes [21] [22] [23] [24] [25] . While one study shows that humans indeed often contribute to the maintenance and enhancement of ecosystems [26] , another emphasises "that increased use of manufactured and financial capital might deliver higher quantities of ecosystem services in the short-term but is often associated to several trade-offs in space and time" [27] (p. 271). Such interventions, in reverse, are captured by the concept of colonisation, an important concept of Social Ecology [23, 28] (see Section 4) and offer a different starting point for an analysis of the capacity of ecosystems to contribute to human wellbeing. Thus, a more careful treatment of this social-ecological character may substantively improve the application of the ES concept. In this regard, the paper builds upon inter-and transdisciplinary research and conceptual discussions conducted at the Institute of Social Ecology (SEC) in Vienna (Austria) and the ISOE-Institute for Social-Ecological Research in Frankfurt/Main (Germany) (see [5] in this issue).
The concrete potential for an improved uptake of the ES concept is shown in this paper by discussing fundamental issues of the scientific conceptualisation of ES at the boundaries between different scientific disciplines and between science and society. We emphasise that approaches from Social Ecology are well-suited to address the related boundary negotiations and the power relations involved. For this reason, we argue in this paper that inter-and transdisciplinary research is needed to improve the societal relevance of the ES concept and the link to human wellbeing. We also reflect on the potential discrepancy between a concept that inherently depends on inter-and transdisciplinary research approaches and 'thinking', as well as respective forms of collaboration, and their practical application.
Ecosystem Services as a Boundary Concept: Potential and Application
The ES concept can be considered as a boundary concept (e.g., [19, 29, 30] ). A boundary concept enables researchers from different disciplines, policy makers, and other stakeholders to develop a common language [31] , and respectively integrate and derive knowledge relevant to their field [32] . At the same time, the exact meaning and conceptualisation of such a boundary concept is contested both between different scientific disciplines, and between science and society; this will be determined in boundary negotiations [33] . Thus, the vagueness of the ES concept (e.g., [6] ) is both a blessing and a curse. On the one hand, the vagueness is the outcome of continuous, complex, and demanding negotiations (boundary work) about, for example, how the ES concept is defined, how implementation and application is interpreted, which foci are set, and which tools are used. With respect to policy and decision-making, these negotiations are not only a scientific exercise but-to some degree-also linked to political or societal interests [34] [35] [36] . Moreover, due to its nature as a boundary concept, knowledge claims concerning ES from different scientific disciplines are linked to certain fields of policy-making and may potentially conflict with other fields (e.g., conservation biology linked to nature protection conflicts vs. agricultural research which emphasises provisioning services [37, 38] ). These differences may also cause ambiguities and tensions in the core meaning of the concept, concerning, for example, the strengths and limits of economic valuation methods (including the debate on how to define, quantify, and value ES [10] [11] [12] ) or the need for integrated approaches of monetary and non-monetary valuation methods [39] [40] [41] . These tensions and ambiguities may also refer to the objectives involved (e.g., its anthropocentric bias) or different strategies to define the building blocks of the conceptual framework. The latter become apparent when comparing, for example, the steps and arrows of the Cascade Model in [12] (see Figure 1 ) with the Stairways Model in [21] (see Figure 2) . Similarly, scientists, policy makers, and other stakeholders may impose very different normative values and their respective key components on application of the ES concept: sustainability (ecological, economic, social); justice (distributional, procedural, and recognition); and diversity (biological, cultural/linguistic, and institutional).
Looking back into the history of the ES concept, these boundary negotiations can be understood as major reasons for some conceptual ambiguities and the related scientific debates. The ES concept was revisited and elaborated further in the context of the Millennium Ecosystem Assessment [1] , later during the international TEEB (The Economics of Ecosystems and Biodiversity) initiative [42] , and in the IPBES (Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services) context [43] and beyond. Over time, expectations were raised that the concept may improve the interface between science and society and the relevance of science for policy-making and the management of ecosystems [19] . Indeed, as pointed out in one study [32] , the language of ES has often been deliberately used by scientists and environmentalists with the precise aim of tailoring ecological knowledge to users, particularly policy-makers and politicians. As those users often have economic and social concerns as their main priority, economic language is perceived as a powerful tool to convince policy-and other decision-makers outside the environmental policy domain. Used in this context, it is expected that the ES concept may substantially inform policy-makers and other stakeholders when drafting or revising policies.
From the beginning, however, there were concerns, in particular, about the limits of the economic 'language'. For example, the TEEB-approach failed to produce one single (economic) number to demonstrate the global relevance of biodiversity and ecosystem services. By contrast, it emphasised the need to contextualise the link between science and policy, and to develop specific approaches for certain audiences, for example, national and international policy-makers, but also regional and local policy-makers and businesses (see teebweb.org). During the negotiations of IPBES, the economic bias of the ES concept, and its application, became a matter of political debate and scientific concern. Because some countries challenged the ES concept as a perceived tool for the commodification of nature, the conceptual framework developed within IPBES explicitly emphasizes different and conflicting worldviews and asks for a translation between them [43] . Therefore, valuation of ecosystems and their services is increasingly recognised as a contested issue which needs careful consideration, due to the nature of ecosystem services as a boundary concept. From the beginning, however, there were concerns, in particular, about the limits of the economic 'language'. For example, the TEEB-approach failed to produce one single (economic) number to demonstrate the global relevance of biodiversity and ecosystem services. By contrast, it emphasised the need to contextualise the link between science and policy, and to develop specific approaches for certain audiences, for example, national and international policy-makers, but also regional and local policy-makers and businesses (see teebweb.org). During the negotiations of IPBES, From the beginning, however, there were concerns, in particular, about the limits of the economic 'language'. For example, the TEEB-approach failed to produce one single (economic) number to demonstrate the global relevance of biodiversity and ecosystem services. By contrast, it emphasised the need to contextualise the link between science and policy, and to develop specific approaches for certain audiences, for example, national and international policy-makers, but also Input from different scientific disciplines and non-scientific knowledge must be incorporated, and different purposes and different kinds of valuation must be considered. Further, different kinds of purpose may include different kinds of application (e.g., awareness raising, policy negotiations for mainstreaming ES, or monitoring of ecosystems and their state). Within these purposes, differing cultural perceptions and different kinds of valuation must be reflected carefully, especially concerning economic valuation tools within certain cultural contexts [14] . Within certain contexts, monetary values may not be perceived as legitimised measures or indicators (e.g., the economic value of a certain piece of land or a tree which is considered as sacred) or even insignificant (see [22] for an example resulting from extensive field work); these efforts may not be perceived as helpful, and instead, as undermining the foundations of certain cultures. Thus, to realise its potential as a tool at the interface between science, general society, and policy-making, the boundary work, which is often concealed within the knowledge claims of different disciplines, must be revealed and reflected carefully. More precisely, inter-and transdisciplinary research on ES should avoid oversimplified assumptions about the application of ecosystem valuation, and requires participatory mechanisms to integrate the often very diverse value attributions of stakeholders towards various ecosystem services [21] .
After many years of discussion in the scientific domain, and a multitude of attempts to implement the ES concept (or parts of it) in practice, developing and establishing such an integrated approach of inter-and transdisciplinary research remains challenging; many investigations have failed to integrate biophysical and socio-cultural dimensions adequately, or suffered from inappropriate design of stakeholder involvement-if these challenges were addressed at all ( [14, 41, 44] ). Further, applying the ES concept on the ground comes along with very concrete and non-trivial knowledge needs on the part of different stakeholders, including methods and tools for ES assessment and valuation and for dealing with trade-offs made explicit in the process [31, 45, 46] . In summary, following the approach of ES as a boundary concept, it is possible to better understand the controversies and debates surrounding this concept both within science and between science and practice. This understanding is an important precondition for improving the applicability of the ES concept and its ability to address societal issues [47, 48] . At the same time, the concept and its vagueness offer opportunities to address, and to some extent integrate, the perspectives of several policy fields while dealing with respective differences in meaning and definition. Against this background, once again, inter-and transdisciplinarity as integrated research modes come to the fore. They support inclusive processes that, inter alia, allow to reveal contested assumptions on the sustainable use of ecosystem services.
Social-Ecological Nature of Ecosystem Services: Challenges for Interdisciplinary Collaboration
The need for interdisciplinary collaboration on ES is widely acknowledged, at least in principle. The concept was developed over the last decade as a result of strict interdisciplinary collaboration between natural scientists, mostly from ecology, and social scientists, in particular from ecological economics (for the history of the concept, refer to [49] ). It is no coincidence that the most prominently involved subdisciplines are those which are heterodoxies, or at least are open to cross-disciplinary collaboration, for example, ecological economics and conservation biology. Nevertheless, there is concern from several sides that interdisciplinary collaboration remains challenging. For example, Norgaard warned several years ago that the use of the ES concept may move from an eye-opener to a complexity blinder [41] , when ignoring the huge conceptual challenges involved. Other challenges are related to certain parts of the ES concept, such as the intangible values of cultural services [14] and the tendency to express all kinds of values only, or preferably, in monetary terms [40] . For the purpose of this article, one challenge is particularly important and is often concealed in ES research: the social-ecological nature of ES, that represents a specific challenge for interdisciplinary research.
One of the major challenges for addressing the social-ecological nature of ES is the assumption that ES are provided directly by ecosystem functions, as suggested in the so-called ES Cascade Model developed by [12] . The Common International Classification of Ecosystem Services (CICES) was developed to provide a basis for an agreed classification system [50] , and to avoid duplication and misrepresentation; the Cascade Model describes ES as a rather linear flow from ecosystems to humans. Biophysical structures and processes generate ecosystem functions, which in turn provide ES to humans benefitting from them, depending on their values (see Figure 1 ). Feed-back loops are included in this cascade, as pressures in ecosystems may induce policy responses. Moreover, several knowledge gaps are highlighted concerning the critical levels of ES provisioning, the restoration capacity of ecosystems, and the different kinds of valuation approaches involved, within and beyond economic values. Yet, the basic idea is a linear delivery of services and benefits, based on the capacity of ecosystems and their biophysical properties.
This basic idea can be challenged by at least two considerations: first, the very nature of ecosystems in most parts of the world, which are mostly culturally transformed landscapes, and which depend in their delivery of services very much on the modification through human activities [24, 25] ; and, second, the very nature of benefits, which in most cases need interventions in the form of labour and technology [22] . At first glance, the first argument does not seem to be decisive, as the same modification of ES delivery is also addressed by the feed-back loop of the Cascade Model. The difference, however, is characterised by the notion that the modifications of landscapes manifest themselves not only as pressures, but also as the supply of both provisioning services (e.g., production of food and feed, or provision of shelter) and regulating services (e.g., flood protection) increasing or appearing in the first place due to modification of a concrete landscape. Thus, maintaining the resulting landscape depended-and still depends-on human labour and technology, and the input of other resources such as fertilisers and knowledge. From a social-ecological perspective, it thus depends on continuing what we call the colonisation of nature [51] .
The term 'colonisation of nature' was introduced to analyse the human interventions into ecosystems as part of the Neolithic revolution and the introduction of agriculture [40] . From this time onwards, the productivity of ecosystems increased significantly as did the proportion that humans appropriate from the net primary production of ecosystems. This is measured by the HANPP-index (Human Appropriation of Net Primary Production), the amount of Net Primary Production (NPP) used by societies. More precisely, "the HANPP indicator tells about how much of the potentially available annual plant biomass production (NPP) is appropriated through human colonizing interventions, through deliberate changes of the land cover (for example the conversion of pristine forest to grassland or arable land, or the sealing of soils by construction of cities and roads), and/or through harvest" [28] (p. 40). HANPP and embodied HANPP (eHanpp) in certain products such as food and feed stuff represents not only an important indicator for the relevance of 'nature' for societies, but also the other way around-for the constraints of this appropriation in the overall productivity of ecosystems [52] . As the colonisation of certain ecosystems differs due to the actual amount of technology and labour that certain societies are able to apply, it offers also a starting point for the analysis of the consequences of land use (changes) in ecological and social terms. Global inequalities as much as ecological consequences are closely linked, for example, to the amount of NPP in certain regions that are used or that can be used for beef production or other goals such as climate regulation.
From the perspective of Social Ecology, the interlinkages between ecosystems and benefits, or between nature and society, are conceptualised in a different way. The term 'colonisation of nature' clearly denotes "the intended and sustained transformation of natural systems, by means of organized social interventions, for the purpose of improving their utility for society. [ . . . ] A colonizing intervention must both be causally effective in changing some biophysical condition; it must make a difference in the world of matter. Likewise, it must be culturally conceived of, organized and monitored; it must‚ 'make sense' in the world of communication" [53] (p. 234). This concept acknowledges that the impact of societies on nature does not always undermine the functional requirements of ecosystems, as assumed in many nature conservation approaches, but often increases the capacity of an ecosystem for service provision. This does not mean, however, to ignore critical levels or constraints in the appropriation of nature. First, it denotes the dependencies of societies on ecosystems and the need to invest labour, resources, and money in their functioning. Moreover, limits exist, either in terms of available NPP or in terms of the loss of biodiversity and other negative side effects resulting from certain forms of appropriation (e.g., the use of fertilisers resulting in eutrophication of rivers and lakes). The former can be analysed using the HANPP-approach, whereas the latter needs additional analysis. As the original Cascade Model indicates, these questions can be addressed by the ES concept in general, but currently represent a major gap in research. In particular, the relationship between biodiversity loss and ES provision needs further investigation [54] .
In addition, the work on 'social-ecological dynamics of ES' [2] point to a functional relation between ES provision and demand by society: nature and society exert mutual influence. A study from the Socotra Archipelago (Yemen) clearly illustrates that the provision of key ES (here: fish biomass for food production and household economies) is significantly correlated with the monsoon patterns, and consequently, with the fishing behaviour of the local communities. This seasonality in ES provision triggers complex adaption of local livelihood strategies. The local people adapted to this variation by, for example, developing trading activities with people from the island interior [2] . This study shows that the relation between ES and societal benefit cannot be explained by the Cascade Model [12] where ES only flow to society. It is rather the interlinkages-and in this case the dependency between ecosystems and benefits-that matter.
Another point is related to the first challenge, that service provision needs ongoing societal interventions in form of money, labour, and technology. To further elaborate on this intervention, the authors of [21] modified the Cascade Model further and introduced the concept of Ecosystem Service Potentials (ESP). The authors also merged the ecosystem structures and components, and the ecosystem functions into one category of ecosystem properties, representing the biophysical basis of service provision (see Figure 2) . They argue that neither are the potentials determined by the functions, nor can they be assessed by analysing the services only: ESP are generated in complex social processes (e.g., increased commodification of nature or struggles about local commons), and these processes determine the kinds of services ultimately realised, or not (e.g., the loss of regulating services). Describing the process in a stepwise manner, first, an ESP must be recognised and the services the system could potentially provide must be identified (the authors call this 'use-value attribution'). The mobilised ESP can then be either directly consumed, or marketed as commodities. Thus, the benefits provided are either non-monetary benefits or monetary ones [22] .
The difference between these benefits is decisive in terms of the societal processes which govern the appropriation of nature and, thus, enable a better understanding of the societal processes involved. Use value is the precondition that any good or service fits to human needs and creates a benefit. It is clearly linked to certain cultural value systems (e.g., in terms of what is perceived as a food, but also to cultural services such as spiritual values). In reverse, monetary values in capitalist societies are governed by exchange relations established by the (world) market, and thus, tend to ignore the relevance of ecosystems and nature for the actual benefits they provide. (It is an empirical question whether regional markets, not linked to the world market, still exist. In any case they are always threatened by global markets.) Use values which stimulate the overuse of resources can, of course, undermine the functional requirements of ecosystems. However, monetary or exchange values tend to ignore the biophysical requirements of ecosystems categorically and, thus, create a contradiction also called the 'metabolic rift' of capitalist societies [55] [56] [57] . Thus, this contradiction is the underlying cause why capitalism tends to destroy the productivity of land and soil [58, 59] : it is not the intervention into nature (i.e., the colonisation of nature) but a specific kind of intervention as institutionalised into the capitalist market system that must be addressed by response strategies [60] .
The Role of Integration in Ecosystem Services Research: The Need for a Transdisciplinary Approach
The sections above show that integration as the main challenge of ES as a boundary concept appears in different ways, particularly: (a) integrating scientific disciplines, i.e., the existing disciplinary knowledge as well as their modes of knowledge generation (methodologies); (b) integrating knowledge from different sources (scientific and non-scientific); (c) integrating different purposes for applying the ES concept (from assessment and awareness raising to policy advice and support for decision-making-which may all come together in a specific project, see, for example, the TEEB-studies [42] ); (d) integrating different perceptions of ES (from 'nature's gifts' to commodities) by different actors in civil society, policy, science, etc.; (e) integrating perspectives of different action fields when it comes to take note of trade-offs between ES and their use or their conservation; and (f) integrating different types of knowledge such as system, orientation, and transformation knowledge [61] for each step of the ES models, either the Cascade or the Stairways Model, as each step involves highly political decisions (e.g., [35, 36] . In particular, orientation knowledge (e.g., which ES should be protected?) and transformation knowledge (e.g., how can we achieve sustainable use of ES for everybody?) is needed (see also [29] ).
The integration tasks are anything but trivial when it comes to analysing the state and (future) changes of ES, and developing options for their management. While coping with integration, the major critique of the ES concept becomes vital: addressing integration means, on the one hand, to practice boundary work on terminology, methods, value attributions, and so on. On the other hand, integration of different perceptions, perspectives, and ultimately, different knowledge systems, has to deal with the manifold relations between nature and society, as pointed out in Section 4.
If the aim of ES-related research is to produce results that are scientifically sound and informative for practitioners and stakeholders, it should be conducted in a problem-oriented, integrative, and target-oriented manner. In this regard, Hirsch Hadorn et al. [62] pointed out that these challenges cannot be fully covered by applied research approaches, when issues cross boundaries between disciplines and problem fields. Such complex issues can only be tackled with transdisciplinary approaches [61] [62] [63] . Thus, the potentials of a transdisciplinary research mode must also be considered in ES research that aims to understand the dynamic interrelations between biophysical structures, their perception as ES, and their translation into benefits and values.
Jahn and colleagues [61] (p. 8f.) state, that "Transdisciplinarity is a critical and self-reflexive research approach that relates societal with scientific problems; it produces new knowledge by integrating different scientific and extra-scientific insights; its aim is to contribute to both societal and scientific progress; integration is the cognitive operation of establishing a novel, hitherto non-existent connection between the distinct epistemic, social-organizational, and communicative entities that make up the given problem context." In these terms, Transdisciplinary Research (TDR) aims to enable mutual learning processes between science and society.
There are various frameworks for conducting transdisciplinary research. Here, we focus on the conceptual, ideal-typical model of transdisciplinarity proposed by the authors of [61] . This model's basic assumption is that "developing solutions for societal problems always means and requires linking these problems to gaps in the existing bodies of knowledge, that is, to scientific problems. Seemingly self-evident, this proposition, however, allows us to conceptualize the contributions to societal and scientific progress as the two epistemic ends of a single research dynamic." [61] (p. 4). This general argument is applicable to and highly relevant for ES research. As described above, the ES concept and its scientific pillars are contested-at least when it comes to conflicting worldviews and systems of values within. Additionally, the basis for science-driven assessments is not always perceived to be sufficient. Recent efforts such as IPBES, the TEEB-studies at different scales, or European knowledge brokers such as biodiversity knowledge (KNEU) or EKLIPSE-The European Mechanism for Supporting Better Decision Making on Biodiversity and Ecosystem Services, indicate a need for system knowledge in the field of biodiversity and ecosystem services. They should support a better understanding of processes and the interlinkages between ecosystems and society for the 'production' and 'consumption' of ES. Some years ago, the debate on the so-called 'post 2015-targets' for biodiversity showed that there is also a need for knowledge that supports defining objectives for conservation and sustainable management of ES [64] . In such a situation, the ways and means of reaching those objectives may be highly controversial. In the end, the call for a sound consideration of trade-offs within different policy strategies, or between various actions, suggests that transformation knowledge is needed [65] .
Against this background, the problem-orientation of TDR is able to give new impulses to the ES concept as a boundary concept. In Figure 3 , an exemplary TDR process for working with ES is illustrated. In the upper part of the figure, the main function of ES as boundary object comes to the fore: a boundary object is the starting point for formulating a transdisciplinary epistemic object that relates to a joint problem. Thus, it demands to be able to relate a real-world problem-for example, searching for ways to solve conflicts between agricultural production and conservation in a certain area-to scientific research questions, such as the causes and effects of changes in species distribution. If using ES as a boundary concept, a possible intersection in this example could be the analysis of drivers and pressures for ES changes. This example shows that in TDR-ideal-typically-a joint problem is constituted that originates neither solely in society nor solely in science (cf. [61] (p. 4ff.). With this starting point, new integrated knowledge can be produced in order to develop (partial) answers to the initial-societal and scientific questions (path in the middle of the Figure 3 ). Participatory elements in combination with strong methods for relating scientific and non-scientific knowledge, such as focus groups, stakeholder workshops, the Delphi method, or integration through the formation of interdisciplinary teams are at the core [66, 67] . While multi-or interdisciplinary efforts focus mainly on the knowledge production and often result in scientific papers with limited outreach regarding the initial real-world problem, TDR foresees a further step: for serving society through research, applications, and communication, the transdisciplinary integration (lower part of the Figure 3) is crucial. The knowledge and the (partial) answers gained are to be evaluated against the background of the joint problem and the initial questions. Then, two kinds of 'products' can be derived: on the one hand, there is a need for products that are applicable in practice, for example, decision-support tools, guidelines, and learning videos; on the other hand, scientific contributions are derived that are innovative for the scientific praxis. Examples mentioned in Figure 3 (model of social-ecological systems, SES) show that those scientific contributions go beyond disciplinary discourses. This example is mentioned here, because ES are a kind of scientific eye-opener for a better understanding of the societal relations to nature [2, 68] .
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Rethinking Ecosystem Services Research: Implications and Requirements towards a Social-Ecological Application
In the final section, we provide and discuss implications of and requirements derived from the analysis of ES research presented above for the further development of social-ecological approaches. First, there is a need for identifying and applying empirical and analytical methods and approaches that foster a more systematic and comprehensive understanding of the interdependencies between nature and society. Current forms and applications of (ES or impact) assessments often fail to sufficiently account for those interdependencies. This is particularly true for capturing the dynamics of ES supply and demand [2] . In this regard, we see great potential for bridging the ES Cascade Model [12] and the Stairways Model [21] ; to go beyond a linear model of service provision and to analyse more carefully the identification of ecosystem functions, services, and benefits in the light of respective societal processes (e.g., migration and urbanization) and the boundary negotiations involved. Monetary valuation, for example, can be strictly rejected by several cultures and this conflict between monetary and anti-monetary, not only non-monetary valuation, creates strong boundary negotiations which may lead to a refusal of the concept of ES itself [22] . The introduction of ESPs and the notion that their identification is essentially part of and the result of complex social processes more explicitly links the observed (dynamics in) ecosystem stocks and flows to political and societal dynamics. Here, transdisciplinary approaches are essential to identify and analyse the complex interlinkages between societal and natural processes. If we take TDR seriously, as illustrated in Figure 3 , there is a need to integrate ES research more explicitly into wider frameworks or larger concepts such as SES (see [2] , but also [65, 69, 70] ) or socioeconomic metabolism [51, 71] ) in order to capture the intended and unintended activities from society on nature that might influence ES provisioning. This promises a better consideration of the social-ecological dynamics of ecosystem services, namely the functional relation between ES supply and demand influencing each other [2] .
Moreover, a better link of ES research with other approaches may also improve their uptake within ongoing or future international research programmes, such as Future Earth. Such approaches are fostering and calling for the co-design and co-production of knowledge-by means of interand transdisciplinary methods-to provide scientifically sound input for a transformation towards sustainability [60] . Here, ES research may play a pivotal role, for example, to determine options and constraints for further land use and biomass production.
Thus, the ongoing debates on the further development of the conceptual framework used in the IPBES process, in particular with respect to the different perceptions of nature as well as appropriate ways of value articulating, can and should be supported by a systematic application of inter-and transdisciplinary methods. There is a vast variety of useful entry points or opportunities to demonstrate the added value of inter-and transdisciplinary research methods and the need for their further development. Many policies and other regulatory frameworks at all levels are dealing either directly (e.g., via research frameworks such as the EU Horizon 2020 or similar) or indirectly with ES research, by making ES-related assessments (e.g., the UK National Ecosystem Assessment, NEA) compulsory or at least part of the process of designing and implementing respective policies.
There are tremendous governance challenges resulting from trade-offs between ecosystem services or land-use conflicts which can be identified and made transparent through ES research. In particular, transdisciplinary research can help create 'sustainable' spaces or fora for communication and negotiation. If land use and biomass production become more important in the future, interand transdisciplinary ES research can help to account for and deal with such trade-offs and land-use conflicts by making different normative values and different monetary and non-monetary benefits more explicit, and to address the ESPs as well as the biophysical and societal constraints of land use (e.g., the distributional effects and the power relations behind them).
Finally, one should also reflect on the discrepancy between a concept that inherently hinges on inter-and transdisciplinary research approaches and 'thinking' as well as respective forms of collaboration, and an academic system that is (still) rather cherishing disciplinarily publications and 'rigorous' research.
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